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495A Soft Computing–Based B-Line Analysis
for Objective Classiﬁcation of Severity
of Pulmonary Edema and FibrosisLung ultrasound (LUS) has recently been proposed as
a new sonographic application to image pulmonary
interstitial syndrome through evaluation of B-lines,
discrete laser-like vertical hyperechoic reverberation
artifacts that arise from the pleural line, extend to the
bottom of the screen, and move synchronously with
respiration (1). Pulmonary interstitial syndrome in-
cludes both pulmonary interstitial edema, such as
increased extravascular lung water, and pulmonary
interstitial ﬁbrosis (2). LUS does not require the
expertise necessary for echocardiographic examina-
tion and interpretation (3) and is rapid to perform,
portable, repeatable, nonionizing, and independent
of cardiac acoustic windows. However, although
B-lines are highly sensitive in the detection of pulmo-
nary interstitial syndrome, they cannot be quantiﬁed
exactly. Our aim was to develop a soft computing–
based B-line analysis through a knowledge-based
model for an objective, operator-independent, auto-
mated, andquantitative classiﬁcation of the severity of
pulmonary interstitial syndrome.
During LUS examinations, 96 short movies were
recorded in patients with a diagnosis of heart failure
and clinical and radiological signs of pulmonaryFIGURE 1 Confusion Matrix Results
Neural network agreement with gold standard in recognizing different dinterstitial edema, 95 short movies were recorded in
patients with clinical and radiological signs of pul-
monary ﬁbrosis, and 62 short movies were recorded
in control subjects. Commercially available 2.5- to
3.5-MHz sector transducers were used. All clips were
evaluated by a physician with more than 9 years’
experience in LUS (L.G.). She labeled each clip with a
number from 0 to 10, according to increasing degree
of pulmonary interstitial syndrome. This classiﬁca-
tion was then divided into 4 degree groups of pul-
monary interstitial syndrome: absent (0 to 1 B-line),
mild (2 to 4 B-lines), moderate (5 to 7 B-lines), and
severe (8 to 10 B-lines). Each movie was analyzed
ofﬂine with a bio-inspired algorithm to assess B-lines
and extract features to train an artiﬁcial neural
network. The ﬁnal software was registered as copy-
right in January 2013 by the Società Italiana degli
Autori ed Editori.
The intraobserver and interobserver discordance
rates were 5.2% and 8.12%, respectively. A mismatch
of 1 B-line was evaluated as clinically equivalent.
The model correctly identiﬁed normal subjects in
100% of cases and was able to discriminate the 3
levels of severity of pulmonary interstitial edema
and pulmonary ﬁbrosis. At most, 5.1% of cases of
edema and 5.3% of ﬁbrosis were misclassiﬁed with
only 1 degree of disagreement (Figure 1).
Our results show that a soft computing–based
B-line analysis was able to objectively classify theegrees of pulmonary edema and pulmonary ﬁbrosis.
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496degree of pulmonary edema and pulmonary ﬁbrosis
with high feasibility and very high agreement over 4
levels of severity. Our results are consistent with
those of a recently published paper by Brattain et al.
(4), which underlines the need for a computerized
diagnostic decision support system based on sono-
graphic video processing to aid nonexpert users.
The added value of our ﬁndings lies in the use of
an artiﬁcial neural network pattern recognition pro-
cedure to create a new decision support system
tool for processing and computer-aided analysis of
LUS images. Moreover, we analyzed B-line videos
derived from pulmonary congestion and pulmonary
ﬁbrosis, with very similar results between the 2
etiologies.
This software could be a robust approach for
developing a portable device for the individualized
and automatic detection of pulmonary interstitial
edema or ﬁbrosis, which could have a high impact
on public health. We are moving toward pervasive
healthcare systems in human-oriented environments.
Because telemedicine is being increasingly used in
many different scenarios for patient monitoring
and specialist consultations (5), the development of
operator-independent, computer-based systems to
support clinical judgment contributes to promoting
radical changes toward a patient-centric healthcare
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Culprit Vessel Vulnerability in Non–ST-
Segment Elevation Acute Coronary SyndromeSeveral studies have demonstrated that multivessel
disease is an independent predictor of coronary
plaque progression and recurrent acute coronary
events (1). Angiographic-based SYNTAX (Synergy
Between PCI With TAXUS and Cardiac Surgery)
score (SS) has consistently been shown to be an
independent predictor of major adverse cardiac
events, mortality, or both at follow-up ranging be-
tween 1 and 5 years (2,3). Several reasons may ac-
count for the increased risk of major adverse cardiac
events in patients with high SS, including a higher
number of obstructive plaques, more complex le-
sions, and a larger necrotic core. The aim of this
study was to investigate the relation between SS
and culprit vessel morphology as evaluated by op-
tical coherence tomography (OCT) in patients with
non–ST-segment elevation acute coronary syndrome
(NSTEACS).
The study group comprised 144 patients with
NSTEACS who underwent percutaneous coronary
intervention (PCI) to treat de novo culprit lesions
with clinically signiﬁcant stenosis in the native cor-
onary artery in whom OCT was performed before
intervention. The culprit lesion was identiﬁed on
the basis of coronary angiography, electrocardiog-
raphy, and transthoracic echocardiography. Non-
culprit plaques were deﬁned as independent plaques
and had to be situated at least 5 mm from the stent
edge in treated or nontreated vessels. A total of 81
nonculprit plaques in 81 patients met these criteria.
The SS was evaluated by 2 core laboratory analysts
(Cardiocore, Yokohama, Japan), who looked together
at the angiograms.
The patients were divided into tertiles according
to the SS at baseline: a low SS group, 48 patients
with an SS of <9 (range 1 to 8); an intermediate SS
group, 47 patients with an SS of $9 to <16 (range 9 to
15); and a high SS group, 49 patients with an SS
of $16 (range 16.0 to 46.5). Intraobserver and inter-
observer variability yielded acceptable concordance
for the tertile of SS (kappa ¼ 0.87 and 0.78, respec-
tively). Angiographic diameter stenosis of the non-
culprit plaques in the high SS group was signiﬁcantly
higher compared with that in the intermediate and
low SS groups (45% vs. 35% vs. 36%; p ¼ 0.02). The
high SS group had a signiﬁcantly lower minimum
ﬁbrous cap thickness (FCT) in the culprit lesion
